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Abstract
Aims
To estimate the national incidence rate and trend of type 1 diabetes (T1DM) in Germany
from 1999 to 2008 and the national prevalence in 2008 in the age group 0–14 years.
Methods
Data were taken from a nationwide registry for incident cases of T1DM in the ages 0–4 years
and 3 regional registries (North-Rhine-Westphalia, Baden-Wuerttemberg and Saxony) for
incident cases of T1DM in the ages 0–14 years covering 41% of the child population in Ger-
many. The degree of ascertainment was 97% in all registries. Incident and prevalent cases
were grouped by region, sex, age (0–4, 5–9, 10–14 years), and, for incident data, additionally
by two 5-year periods (1999–2003, 2004–2008). Poisson regression models were fitted to the
data to derive national estimates of incidence rate trends and prevalence in the age groups
5–9, 10–14 and 0–14 years. We used direct age-standardization.
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Results
The estimated national incidence rate in 0-14-year-olds increased significantly by 18.1%
(95%CI: 11.6–25.0%, p<0.001) from 1999–2003 to 2004–2008, independent of sex, corre-
sponding to an average annual increase of 3.4% (95%-CI: 2.2–4.6%). The overall incidence
rate was estimated at 22.9 per 100,000 person-years and we identified a within-country
west-east-gradient previously unknown. The national prevalence in the ages 0–14 years on
31/12/2008 was estimated to be 148.1 per 100,000 persons.
Conclusions
The national incidence rate of childhood T1DM in Germany is higher than in many other
countries around the world. Importantly, the estimated trend of the incidence rate confirms
the international data of a global increase of T1DM incidences.
Introduction
Today, type 1 diabetes mellitus (T1DM) is considered an autoimmune disease with a T-cell
mediated destruction of the insulin producing beta cells in the pancreas. In addition to genetic
factors, environmental exposures are thought to play an important role in the etiology of the
disease, possibly in interplay with genetic factors. However, the underlying mechanisms are
largely unknown [1].
The worldwide incidence rate of T1DM in the age group 0–14 years varies considerably
depending on the region. The range is from 1 to 58 per 100,000 person-years [2–7]. Likewise,
the predicted cases of the prevalence of T1DM in this age group ranged between 20 and 500
per 100.000 in Europe in 2010 [8].
Current national data of the incidence rate in children and adolescents (0–14 years) are not
available for Germany because there is no nation-wide registration of T1DM cases in this age
group. Previous estimates of T1DM incidence rates in this age group from regional German
registries showed regional variation [5] meaning that simple extrapolation to the national level
could be associated with considerable bias.
National data of the incidence rate in the age group 0–14 years could only be registered in
the former East Germany and only through 1989 [9]. In Germany as a whole, however, a
national incidence registry (Erhebungseinheit für seltene pädiatrische Erkrankungen in
Deutschland, ESPED) [10] has only been available for children from 0 to 4 years since 1993,
but there are 3 operating regional registries [11–13] for incident cases of T1DM in the ages
0–14 years, all of which participate in the EURODIAB project (European Community Con-
certed Action Programme on the Epidemiology and Prevention of Diabetes) [5, 6].
The objective of this paper is to use these age-limited (0–4 years) national data (ESPED) in
connection with available regional data for older ages to provide better estimates of the national
childhood T1DM risk for the age group 0–14 years [14]. Therefore, we aimed to provide esti-
mates of the national incidence rate of childhood T1DM in Germany, its trend over the obser-
vation period, and the prevalence of childhood T1DM by a model-based approach merging all
available regional (0–14 years) and national (0–4 years) data on childhood T1DM.
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Methods
Data Sources
For this study, we pooled anonymized data from a nationwide registry for incident cases of
T1DM in the ages 0–4 years (German registry (ESPED), maintained at the German Diabetes
Centre (DDZ)) and 3 regional registries for incident cases of T1DM in the ages 0–14 years cov-
ering the federal states of North Rhine-Westphalia (NW), Baden-Wuerttemberg (BW) and
Saxony (SN) [10–17]. The 3 regional registries comprise 41% of the total child population aged
0–14 years in Germany. All 4 registries have been collecting incident cases of new-onset child-
hood T1DM prospectively since the 1990s based on EURODIAB criteria [5, 6]. As recom-
mended, secondary sources are used to complement the primary case ascertainment. Details of
the 4 registries in particular on primary and secondary data sources and estimated complete-
ness of ascertainment are summarized in Table 1. For this analysis, incident cases of the
10-year period 1999–2008 and prevalent cases on 31/12/2008 were extracted from the 4
registries.
Prevalent cases in the ages 0–14 years on 31/12/2008 correspond to all incident cases of the
3 regional registries covered the by the grey shaded area of the Lexis diagram in Fig 1. Incident
cases of the grey shaded area in the period 1999–2008 are covered by the 3 regional registries,
which registered all incident cases in the ages 0–14 years during this period (Table 1). Incident
cases–if less than 5 years of age at onset–in the grey shaded area from the period 1994–1998
are covered by the national registry for 0–4 year-olds. Therefore, all prevalent cases for those
0–14 years of age on 31/12/2008 in the 3 federal states are potentially covered by the 4 inci-
dence registries used.
For analysis, incident cases were grouped by registry/region (NW, BW, SN, Germany), sex,
age at onset (0–4, 5–9, 10–14 years), and period (1999–2003, 2004–2008). Prevalent cases were
grouped by registry/region (NW, BW, SN, Germany), sex (male, female), and age on 31/12/
Table 1. Characteristics of type 1 diabetes registries in Germany used for the estimation of incidence rates and prevalence.
Registry Region
covered
Age
range
(years)
Start of
prospective
registration
Primary sources Secondary sources Estimated
completeness
German registry [10, 11, 14] Germany 0–4 1993 Hospital-based active
surveillance system
(ESPED*)
Annual surveys among
medical practices (only
NW), DPV database
97%
North Rhine-Westphalian
(NW) registry [5, 11, 14, 17]
North-Rhine-
Westphalia
0–14 1996 Hospital-based active
surveillance system
(ESPED)
Annual surveys among
medical practices, DPV
database
99%
Düsseldorf
region
0–14 1993 (1987–1992
retrospective)
Hospital-based active
surveillance system
(ESPED)
Annual surveys among
medical practices, DPV
database
99%
Baden-Wuerttemberg (BW)
Diabetes Incidence Registry
(DIARY) [5, 12, 14–16]
Baden-
Wuerttemberg
0–14 1997 (1987–1996
retrospective)
Hospital based
registration system
Surveys among
participants of state-wide
diabetes information
events
98%
Childhood Diabetes
Registry Saxony (SN) [5,
13] [18]
Saxony 0–14 1999 (1998
retrospective)
Hospital based
registration system,
(DPV database
additionally)
Public health school
examinations at ages 6,
11 and 15 years
94% (2004);
97% (2008)
*ESPED: Erhebungseinheit für seltene pädiatrische Erkrankungen
DPV: Diabetesprogramm zur prospektiven Verlaufsbeobachtung (computer-based longitudinal documentation of therapy and outcomes in diabetes car for
quality control and diabetes research)
doi:10.1371/journal.pone.0132716.t001
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2008 (0–4, 5–9, 10–14 years).Population data were obtained from the Federal Statistical Office
[19].
The data protection agencies in SN, NW and BW approved the registries and this analysis.
Ethics Statement
This article does not contain any studies with human or animal subjects performed by any of
the authors.
Statistical Analysis
Based on registered incident cases, age- and sex-specific incidence rates and respective confi-
dence intervals (95%-CIs) were estimated using the person-time method (incident cases/per-
son-time) assuming a Poisson distribution of cases. Sex-specific estimates of the incidence rate
for the total age group 0–14 years were age-standardized according to the direct method using
equal weights for age groups. Further, cumulative incidences were estimated from age-specific
incidence rates as cumulative hazard functions according to standard methods [20]. CIs for
standardized and cumulative incidence rates were estimated using the normal approximation.
Incidence rates are presented per 100,000 person-years (py) and cumulative incidences (with
CIs) per 100,000. The increase in the incidence rate was estimated from rate ratios of 5-year
period incidence rates. Age- and sex-specific prevalence and age-standardized prevalence were
estimated based on prevalent cases (prevalent cases/population) and are presented per 100,000
persons.
In order to derive estimates of the national incidence rates from registered incident cases,
we fitted several Poisson regression models to incidence data stratified by region, period and
age taking into account second and third order interaction terms of these as independent vari-
ables. Likewise, we fitted several Poisson regression models to incidence data additionally strat-
ified by region, period, sex, age, and again taking into account second- and higher order
interaction terms. In order to avoid over fitting and to select parsimonious models, the Bayes-
ian information criterion [21] was applied in model selection. Poisson models with best (low-
est) Bayesian information were selected to calculate model-based estimates of the incidence
rates. If assuming rate ratios between age groups to be independent of region the selected
Fig 1. Prevalent cases on 31/12/2008 – Lexis diagram.
doi:10.1371/journal.pone.0132716.g001
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models allowed for estimation of incidence rates figures even for subgroups without observed
cases, stratified by period and sex, i.e. for age groups 5–9 and 10–14 years at the national level.
With this approach, the national incidence rates in age groups 5–9 and 10–14 years were in
fact estimated by applying the model-based incidence rate ratios estimated between age groups
from the regional data of the 3 federal states to the national level. National estimates for the
total cohort covering 0–14 years were derived from age-specific model-based estimates by
direct age-standardization using equal weights for age groups. In addition, cumulative inci-
dences were estimated from age-specific figures. Increases in incidence rates between both
5-year periods estimated from Poisson models were transformed to annual increases by taking
the 5th root of these numbers.
We used the same Poisson regression approach to derive estimates of the national preva-
lence from observed prevalent cases. We fitted Poisson regression models to prevalence data
stratified by region and age with region, age, and a region by age interaction as independent
variables. Further, we fitted several Poisson regression models to prevalence data additionally
stratified by sex with region, sex, age, and second- and third order interaction terms of these as
independent variables. Again, Poisson models with best (lowest) Bayesian information crite-
rion were selected to calculate model-based estimates of the prevalence.
In all models, over-/under dispersion of incident/prevalent cases was taken into account by
introducing a multiplicative dispersion factor in the variance function [22] (“dscale” option in
SAS “genmod” procedure). The goodness of fit of models selected to estimate national figures
was assessed by pseudo-R2 [23]. Within Poisson models, groups were compared with likeli-
hood ratio or Wald χ2-tests. Two-sided p-values 0.05 were considered statistically signifi-
cant. All analyses were performed with SAS 9.3 (Statistical Analysis Software, SAS Institute
Inc., Cary, NC, USA).
Results
Estimates Based on Observed Cases
Incidence rate. The age-standardized incidences rates varied by region and period. Over-
all, incidence rates were higher in North Rhine-Westphalia (1999–2003: 21.3 (95%CI 20.5–
22.0), 2004–2008: 24.4 (95%CI 23.5–25.2)) and Baden-Wuerttemberg (1999–2003: 17.0 (95%
CI 16.1–17.8), 2004–2008: 22.3 (95%CI 21.3–23.3)) (both in West Germany) than in Saxony
(1999–2003: 15.6 (95%CI 14.1–17.2), 2004–2008: 20.3 (95%CI 18.5–22.3)) (former Eastern
Germany). Between the periods of 1999–2003 and 2004–2008 the age-standardized incidence
rates increased in North Rhine-Westphalia by 14.6%, in Baden-Wuerttemberg by 31.2% and in
Saxony by 30.1%.
Cumulative incidence. In the period 1999–2003, the cumulative incidence at the age of
15 years in the 3 regions ranged from 243.1 to 324.4 per 100,000 males and 223.7 to 313.2 per
100,000 females. In the period 2004–2008 the corresponding figures are 325.2 to 371.8 per
100,000 males and 284.3 to 358.6 per 100,000 females. The increases in the cumulative inci-
dence corresponded to the increases in the age-standardized incidence rates.
Prevalence. The age-standardized prevalence varied by region. By 31.12.2008, the preva-
lence was 150.7 (95%CI 146.1–155.4) per 100.000 persons in North Rhine-Westphalia, 132.6
(95%CI 127.2–138.3) in Baden-Wuerttemberg and 129.1 (95%CI 118.7–140.4) in Saxony.
Model-Based Estimates
Incidence rate. We fitted several Poisson models to incidence data stratified by region,
period and age group (data not shown). According to the Bayesian information criterion, the
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best fitting model (Poisson model M1) included region, period, age, and a term for region by
period interaction as independent predictors.
Estimates of the incidence by region, period and age predicted from this best Poisson model
are given in Table 2. The predicted estimates were in good agreement with the observed inci-
dence rates (pseudo-R2 = 0.978).
Predicted national estimates of the incidence rate are also given in Table 2. The model-
based national incidence rate in the cohort of 0–14 year-olds increased significantly between
the two periods (p<0.001; Table 2). According to the best Poisson model, the national inci-
dence rate increased independently of age by 18.1% (95% CI: 11.6–25.0%), corresponding to an
average annual increase of 3.4% (95% CI: 2.2–4.6) in Germany.
The model-based increase in incidence rates varied significantly (p<0.001) between regions.
In North Rhine-Westphalia the increase was 14.6% (95% CI: 8.6–21.0), in Baden-Wuerttem-
berg 30.9% (95% CI: 21.4–41.2), and in Saxony 31.6% (95% CI: 13.5–53.7). The corresponding
annual increases were 2.8% (95% CI: 1.7–3.9), 5.5% (95% CI: 4.0–7.1), and 5.7% (95% CI: 2.6–
8.8), respectively.
In both periods, the estimated national incidence rate and the incidence rate in North
Rhine-Westphalia were significantly higher than the incidence rate in Saxony (p<0.001).
The best fitting model for incidence data stratified by region, period, sex and age group
(Poisson model M2) included region, period, sex, age group, and terms for region by period
and sex by age group interactions as independent predictors. Sex-specific, age-standardized
national and regional estimates of the incidence rate derived from this Poisson model are given
in Table 3.
Cumulative incidence. Model-based cumulative incidence estimates at the age of 15 years
were derived from Poisson model M1. For each region, period and age group, the predicted
estimates were in good agreement with the observed cumulative incidences from the 3 regional
registries (Table 2). Predicted national cumulative incidence estimates are also given in
Table 2. The estimates of the national cumulative incidences for the period 2004–2008 imply
that 1 out of 291 (95% CI 281–301) new-borns will develop T1DM before the age of 15 years.
The model-based increases in the cumulative incidence correspond to the increases in the inci-
dence, both nationwide and for the 3 regions.
Model-based estimates of sex-specific cumulative incidences were derived from the Poisson
model M2 and were also in good agreement with the observed cumulative incidences from the
3 regional registries (data not shown). The estimate of the national cumulative incidence for
the period 1999–2003 was 298.0 (285.7–310.8) among males and 284.0 (272.0–296.5) among
females. Respective estimates for the period 2004–2008 were 351.9 (337.5–366.8) and 335.3
(321.3–349.9).
Prevalence. The Poisson model with the best fit for the prevalent cases stratified by region
and age (Poisson model M3) included region and age as independent predictors (data on
model selection not shown). Prevalence estimates by region and age predicted from the Poisson
model are given in Table 4.
The predicted estimates are in excellent agreement with the observed prevalence (Table 4,
pseudo-R2 = 0.999).
Predicted age-specific national prevalence estimates are also given in Table 4. The model-
based national prevalence in the age group of 0–14 years was 148.1. The prevalence showed sig-
nificant variation between regions (p<0.001) (Table 4). The predicted age-standardized preva-
lence in Saxony and Baden-Wuerttemberg was significantly lower than the national prevalence
and the prevalence in North Rhine-Westphalia (p<0.001).
The best fitting model for prevalence data stratified by region, sex and age group (Poisson
model M4) included region, sex, age group, and a term for sex by age group interaction as
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independent predictors. Sex-specific, age-standardized national and regional prevalence esti-
mates derived from this Poisson model are given in Table 5. For all regions, the model-based
prevalence was comparable between males and females.
Discussion
This is the first study to pool prospectively national incidence and prevalence data for the ages
0–4 years and regional data for the age 0–14 years from independent registries from 3 federal
states with a high coverage (41%) of the child population in Germany in order to estimate the
national incidence rate and prevalence.
The different regional incidence rates in Germany fit into/are in accordance with the
observed West-East gradient in Europe [6]. Moreover, prevalence estimates for overweight in
children [24, 25] support overweight–in accordance with the overload hypothesis [26]–as a
potential factor for higher incidence rates in NW than in Saxony. The EURODIAB project
reported also a West-East gradient with very low incidence rates in the eastern European coun-
tries, but a relatively high annual increase since 1989 in these regions (Lithuania: 10 per
100,000 py, Hungary, Rumania and Slovenia: 11 per 100,000 py, Poland: 13 per 100,000 py
[6]). The causes underlying these patterns still remain to be elucidated. Most recent data from
Table 4. Prevalence of T1DM in 2008 by region and age estimated from Poissonmodel M3.
Prevalence (95% CI) per 100,000 persons
Region Period N Person-years 0–4 years 5–9 years 10–14 years 0–14 years*
North Rhine-Westphalia 2008 4055 2,553,165 35.8 (32.9–39.0) 154.9 (148.5–161.6) 261.7 (253.1–270.5) 150.8 (147.1–154.6)
Baden-Wuerttemberg 2008 2186 1,571,620 31.4 (28.7–34.3) 136.0 (129.4–142.9) 229.7 (220.2–239.6) 132.4 (128.4–136.5)
Saxony 2008 550 454,198 30.5 (27.4–34.1) 132.1 (121.7–143.4) 223.2 (206.1–241.7) 128.6 (121.8–135.8)
Germany 2008 17088 11,138,806 35.2 (33.4–37.0) 152.1 (137.0–169.0) 257.0 (232.1–284.5) 148.1 (138.2–158.7)
*age-standardized, Poisson model M3 included region and age on 31.12.2008 (0–4, 5–9, 10–14 years) as independent variables, pseudo-R2 = 0.999
doi:10.1371/journal.pone.0132716.t004
Table 3. Age-standardized incidence rates by region, period and sex predicted from Poissonmodel
M2.
Incidence rate* (95% CI) per 100,000
person-years
Region Period Male Female
North Rhine-Westphalia 1999–2003 21.8 (21.1–22.5) 20.8 (20.0–21.5)
2004–2008 25.0 (24.1–25.8) 23.8 (23.0–24.6)
Baden-Wuerttemberg 1999–2003 17.4 (16.6–18.1) 16.5 (15.9–17.2)
2004–2008 22.7 (21.9–23.6) 21.7 (20.8–22.5)
Saxony 1999–2003 15.8 (14.7–16.9) 15.0 (14.0–16.1)
2004–2008 20.8 (19.4–22.2) 19.8 (18.5–21.1)
Germany 1999–2003 19.9 (19.0–20.7) 18.9 (18.1–19.8)
2004–2008 23.5 (22.5–24.5) 22.4 (21.4–23.3)
*age-standardized; population 0–14 years, Poisson model M2 included region, period, sex, age at onset
(0–4, 5–9, 10–14 years) and terms for age at onset by sex and region by period and interactions as
independent variables, pseudo-R2 = 0.953
doi:10.1371/journal.pone.0132716.t003
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Sweden, Finland and Norway suggest that there may be a levelling-off or even a reversal of the
increasing trend in most recent years [5, 6].
As might have been expected, the estimated incidence rates for Germany compared to the rest
of Europe range between the rate in Scandinavian countries and Southern Europe [5]. Within
Europe, the highest incidence rates in the ages 0–14 years were found in northern regions with a
current incidence rate from 32 to 58 per 100,000 per year in Sweden, Norway and Finland [3–5].
Lower incidence rates are reported for Southern Europe (i. e. Montenegro: 17.5 per 100,000 py
and Spain: 12 per 100,000 py [5]), suggesting a potential north-south gradient. An expected mod-
erate incidence rate was also found in continental Italy (15 per 100,000 py), whereas an unex-
plained high rate was observed on the island of Sardinia (41 per 100,000 py [7]).
With an estimated national incidence rate of 22.9/100,000 py (2004–2008), Germany is a
country with a higher risk for childhood T1DM compared to many other countries around the
world [27]. The average annual increase in T1DM in Germany seems to affect all age groups
equally. According to international data, there is no conclusive relation between sex and inci-
dence rate. Higher incidence rates among the male population were found in countries with
high T1DM incidence rates, higher incidence rates among the female population in countries
with relatively low incidence rates [28].
Our model-based estimate confirms the international trend of an increasing incidence rate
in T1DM. The national estimates for Germany suggest an annual increase in T1DM incidence
of 3.4%. A worldwide average annual increase in T1DM incidence rate of 3–4% during past
decades has been reported [2, 5]. But rates of increase vary between regions and time-periods
[5]. Regarding a projection of the incidence rate in Germany for the next decades, we refer to a
recent paper by Ehehalt et al. 2010 [12].
There are many theories dealing with the global increase of T1DM incidence rates. In gen-
eral, a multifactorial process with various environmental triggers is assumed for the aetiology
of T1DM [29]. As mentioned above, the overload hypothesis claims a higher risk for T1DM
due to overweight, physical inactivity, and stress [26].
Strengths and Limitations of the Study
There is no nationwide registration of childhood T1DM (0–14 years) in Germany, as yet.
Consequently, only a model-based approach can provide reasonable national estimates. The
strengths of our study are that estimates are based on a large proportion of the childhood popu-
lation of Germany (0–4 years whole population 5–14 years 41% of German population), that
registries used had high ascertainment, and we applied standard statistical procedures as well
as detailed statistical modelling, using widely recognized criteria for model selection.
Table 5. Age-standardized prevalence in 2008 by region and sex predicted from Poissonmodel M4.
Prevalence* (95% CI) per 100,000 person-
years
Region Period Male Female
North Rhine-Westphalia 2004–2008 151.2 (146.9–155.7) 151.2 (146.8–155.8)
Baden-Wuerttemberg 2004–2008 132.4 (128.0–136.9) 132.4 (127.9–137.0)
Saxony 2004–2008 126.0 (120.1–132.1) 126.0 (120.0–132.2)
Germany 2004–2008 148.0 (138.7–157.9) 148.0 (138.6–158.0)
* age-standardized; population 0–14 years, Poisson model M4 included region, sex, age on 31.12.2008
(0–4, 5–9, 10–14 years) and a term for age by sex interaction as independent variables, pseudo-R2 = 0.998
doi:10.1371/journal.pone.0132716.t005
Model-Based German Incidence Trends and Prevalence of Childhood T1DM
PLOSONE | DOI:10.1371/journal.pone.0132716 July 16, 2015 9 / 12
One shortcoming of the study is that we could not use absolutely up-to date data for estima-
tion due to restrictions in use of the registered data. Nevertheless, the presented national esti-
mates are interesting novel information for Germany, because these are the first estimates
based on pooling of data from 3 regional registers in the age group 0 to 14 years and a national
register for the age group 0 to 4 years. A further limitation is that national estimates based on
only 3 federal states may be biased due to regional differences in incidence rates. However,
since our model-based approach used nationwide data for 0–4 and regional data for 0–14
years, the estimation approach is in fact based on the assumption that incidence rate ratios or
prevalence ratios between age groups do not seriously depend upon the region, as suggested by
the fact that the age by region interaction was not significant in any of the models (data not
shown). Therefore, our national estimates can be assumed to approximate the actual national
data quite well.
Prevalent cases were taken from incidence registries, thus mortality was not taken into
account. However, since mortality from childhood T1DM is very low in Germany, there is only
a small upward-bias in our estimates and results should not be seriously affected by mortality
[30].
Conclusions
With an estimated national incidence rate of 22.9/100,000 py (0–14 years, 2004–2008) and an
estimated national prevalence of 148.1/100,000 (0–14 years, on 31/12/2008), the risk for child-
hood T1DM in Germany is higher than in many other countries around the world. The annual
increase of 3.4% affects all age groups and regions, but reasons for regional differences in inci-
dence rates and its trends still have to be elucidated. Due to the high coverage of the German
childhood population in our study, our estimates are expected to be quite reliable. Although
this work–using for the first time national data in the age group 0–4 years and regional data in
the age group 0–14 years from 3 federal states (North Rhine-Westphalia, Baden-Wuerttemberg
and Saxony)–provides national estimates, a nationwide registration of T1DM cases in children
under 15 years should still be aimed for in the longer term.
Acknowledgments
We gratefully acknowledge all participating pediatric diabetologists in the children’s hospitals
for data acquisition and registration, respectively, and Clemens Junghans for acquisition of the
second data source in Saxony.
Author Contributions
Conceived and designed the experiments: URWK AN GG AB JR. Performed the experiments:
WK TK AN SE JR RH. Analyzed the data: JR GG TS AB SE. Wrote the paper: AB JR. Revised
the article critically for important intellectual content: UR UMWK AN TK TS ES RH OS AS
SE. Interpretation of data as well as final approval of the version to be published: AB URWK
TK TS UM ES RWHOS AS-P GG SE AN JR.
References
1. Bluestone JA, Herold K, Eisenbarth G. Genetics, pathogenesis and clinical interventions in type 1 dia-
betes. Nature. 2010; 464(7293):1293–300. PMID: 20432533
2. DIAMOND Project Group. Incidence and trends of childhood Type 1 diabetes worldwide 1990–1999.
Diabetic medicine: a journal of the British Diabetic Association. 2006; 23(8):857–66.
3. Berhan Y, Waernbaum I, Lind T, Mollsten A, Dahlquist G. Thirty years of prospective nationwide inci-
dence of childhood type 1 diabetes: the accelerating increase by time tends to level off in Sweden. Dia-
betes. 2011; 60(2):577–81. doi: 10.2337/db10-0813 PMID: 21270269
Model-Based German Incidence Trends and Prevalence of Childhood T1DM
PLOSONE | DOI:10.1371/journal.pone.0132716 July 16, 2015 10 / 12
4. Harjutsalo V, Sjoberg L, Tuomilehto J. Time trends in the incidence of type 1 diabetes in Finnish chil-
dren: a cohort study. Lancet. 2008; 371(9626):1777–82. doi: 10.1016/S0140-6736(08)60765-5 PMID:
18502302
5. Patterson CC, Gyurus E, Rosenbauer J, Cinek O, Neu A, Schober E, et al. Trends in childhood type 1
diabetes incidence in Europe during 1989–2008: evidence of non-uniformity over time in rates of
increase. Diabetologia. 2012; 55(8):2142–7. doi: 10.1007/s00125-012-2571-8 PMID: 22638547
6. Patterson CC, Dahlquist GG, Gyurus E, Green A, Soltesz G. Incidence trends for childhood type 1 dia-
betes in Europe during 1989–2003 and predicted new cases 2005–20: a multicentre prospective regis-
tration study. Lancet. 2009; 373(9680):2027–33. doi: 10.1016/S0140-6736(09)60568-7 PMID:
19481249
7. Bruno G, Maule M, Merletti F, Novelli G, Falorni A, Iannilli A, et al. Age-period-cohort analysis of 1990–
2003 incidence time trends of childhood diabetes in Italy: the RIDI study. Diabetes. 2010; 59(9):2281–
7. doi: 10.2337/db10-0151 PMID: 20566665
8. Solresz G, Patterson C, Dahlquist G. Diabetes in the Young: a Global Perspective. 2009. In: IDF Diabe-
tes Atlas fourth edition [Internet]. Brussels, Belgium International Diabetes Federation; [(CD-ROM) 1–
36].
9. Michaelis D, Jutzi E, Vogt L. Epidemiology of insulin-treated diabetes mellitus in the East-German pop-
ulation: differences in long-term trends between incidence and prevalence rates. Diabete & metabo-
lisme. 1993; 19(1 Pt 2):110–5.
10. Rosenbauer J, Herzig P, von Kries R, Neu A, Giani G. Temporal, seasonal, and geographical incidence
patterns of type I diabetes mellitus in children under 5 years of age in Germany. Diabetologia. 1999; 42
(9):1055–9. PMID: 10447515
11. Rosenbauer J, Dost A, Karges B, Hungele A, Stahl A, Bachle C, et al. Improved metabolic control in
children and adolescents with type 1 diabetes: a trend analysis using prospective multicenter data from
Germany and Austria. Diabetes care. 2012; 35(1):80–6. doi: 10.2337/dc11-0993 PMID: 22074726
12. Ehehalt S, Dietz K, Willasch AM, Neu A. Epidemiological perspectives on type 1 diabetes in childhood
and adolescence in germany: 20 years of the Baden-wurttemberg Diabetes Incidence Registry
(DIARY). Diabetes care. 2010; 33(2):338–40. doi: 10.2337/dc09-1503 PMID: 19903753
13. Galler A, Stange T, Muller G, Nake A, Vogel C, Kapellen T, et al. Incidence of childhood diabetes in chil-
dren aged less than 15 years and its clinical and metabolic characteristics at the time of diagnosis: data
from the Childhood Diabetes Registry of Saxony, Germany. Hormone research in paediatrics. 2010; 74
(4):285–91.
14. Rosenbauer J, Icks A, Giani G. Incidence and prevalence of childhood type 1 diabetes mellitus in Ger-
many—model-based national estimates. Journal of pediatric endocrinology and metabolism: JPEM.
2002; 15(9):1497–504. PMID: 12503857
15. Ehehalt S, Dietz K, Willasch AM, Neu A. Prediction model for the incidence and prevalence of type 1
diabetes in childhood and adolescence: evidence for a cohort-dependent increase within the next two
decades in Germany. Pediatric Diabetes. 2012; 13(1):15–20.
16. Ehehalt S, Popovic P, Muntoni S, Muntoni S, Willasch A, Hub R, et al. Incidence of diabetes mellitus
among children of Italian migrants substantiates the role of genetic factors in the pathogenesis of type 1
diabetes. European journal of pediatrics. 2009; 168(5):613–7. doi: 10.1007/s00431-008-0808-9 PMID:
18777043
17. Rosenbauer J, Icks A, Schmitter D, Giani G. Incidence of childhood Type I diabetes mellitus is increas-
ing at all ages in Germany. Diabetologia. 2002; 45(3):457–8. PMID: 11914757
18. Junghans C. Epidemiolgie des Diabetes mellitus Typ 1 im Kindes- und Jugendalter in Sachsen auf
Basis des Sächsischen Kinder-Diabetes-Registers der Jahre 1999–2011 und der sächsischen
Gesundheitsämter ab dem Schuljahr 2007/2008. Dresden: Technische Universität Dresden; 2013.
19. GENESIS-Online editor, tables 12411–0006 and -0012 [Internet]. 2013 [cited 10/15 and 10/16 2013].
20. Breslow NE, Day NE. The Analysis of Case-Control Studies. Statistical Methods in Cancer Research.
1. Lyon: International Agency for Research on cancer (IARC Scientific Publication No. 32); 1980. p.
49–53.
21. Burnham KP, Anderson DR. Model Selection and Multimodel Inference: a practical information-theo-
retic approach. New York: Springer-Verlag; 2002.
22. McCullagh P, Nelder JA. Generalized Linear Models. 2nd ed. London: Chapman & Hall; 1989.
23. Heinzl H, Mittlböck M. Pseudo R-squared measures for Poisson regression models with over- or under-
dispersion. Special Issue in Honour of Stan Azen: a Birthday Celebration. 2003; 44(1–2):253–71.
24. Moss A, Klenk J, Simon K, Thaiss H, Reinehr T, Wabitsch M. Declining prevalence rates for overweight
and obesity in German children starting school. European journal of pediatrics. 2012; 171(2):289–99.
doi: 10.1007/s00431-011-1531-5 PMID: 21750902
Model-Based German Incidence Trends and Prevalence of Childhood T1DM
PLOSONE | DOI:10.1371/journal.pone.0132716 July 16, 2015 11 / 12
25. Bluher S, Meigen C, Gausche R, Keller E, Pfaffle R, Sabin M, et al. Age-specific stabilization in obesity
prevalence in German children: a cross-sectional study from 1999 to 2008. International journal of pedi-
atric obesity: IJPO: an official journal of the International Association for the Study of Obesity. 2011; 6
(2–2):e199–206.
26. Dahlquist G. Can we slow the rising incidence of childhood-onset autoimmune diabetes? The overload
hypothesis. Diabetologia. 2006; 49(1):20–4. PMID: 16362279
27. International Diabbetes Federation (eds). Diabetes Atlas, 6th Edition reversion. Brussels, Belgium
2013.
28. Gale EA, Gillespie KM. Diabetes and gender. Diabetologia. 2001; 44(1):3–15. PMID: 11206408
29. Knip M, Simell O. Environmental triggers of type 1 diabetes. Cold Spring Harbor perspectives in medi-
cine. 2012; 2(7):a007690. doi: 10.1101/cshperspect.a007690 PMID: 22762021
30. Patterson CC, Dahlquist G, Harjutsalo V, Joner G, Feltbower RG, Svensson J, et al. Early mortality in
EURODIAB population-based cohorts of type 1 diabetes diagnosed in childhood since 1989. Diabetolo-
gia. 2007; 50(12):2439–42. PMID: 17901942
Model-Based German Incidence Trends and Prevalence of Childhood T1DM
PLOSONE | DOI:10.1371/journal.pone.0132716 July 16, 2015 12 / 12
